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Results of this study indicated (1) that there was no general need to
adopt wet sieving, and (2) that concrete sieves did not offer enough extra
information and economy of standardization to merit adopting their usage-in:
place of hot-mix sieves. The results of this study and the experience of one
district did, however, indicate that there may be occasjons where wet sieving
during the design process may be very useful in precluding a mix design that may
generate excessive minus No. 200 material, thus causing trouble with staying with-

in grading Timits and design tolerances.
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EXECUTIVE SUMMARY

During the course of Research Study 2-9-80-285 "Asphalt Concrete
Mixture Design and Specification," it was desired to address two ques-
tions concerning sieve analysis of hot-mix asphaltic concrete aggregates
which are often raised by personnel of the Texas State Department of
Highways and Public Transportation (SDHPT). These questions are as
follows: _

1. Would the use of wet sieving (with its associated additional
effort) to replace or supplement dry sieving be justified,
based on the additional knowledge gained and problems allevi-
ated, for the design and production monitoring of hot-mixes?

2. MWould the use of concrete sieves in place of hot-mix sieves for
hot-mix design and production monitoring be justified based on
the additional knowledge gained and the unified use of the same
sieve sizes for both concrete and hot-mix testing?

In an effort to answer these questions, a minimum of 10 dry, wet and
extraction sieve analyses were accomplished on 10 different produced hot-
mixes for the SDHPT during the summer of 1982. 1In all, four hot-mixes
were sampled from four weigh-batch plants, and six were sampled from four
drum-dryer plants. The predominant type of hot-mix sampled was SDHPT Item
340 Type "D". Most of the aggregate combinations had 1imestone coarse
aggregates and siliceous field sand fine aggregates, although one mixture
consisted entirely of crushed gravel and another entirely of pit run iron
ore.

Results of this study indicated (1) that there was no general need to
adopt wet sieving, and (2) that concrete sieves did not offer enough extra
information and economy of standardization to merit adopting their usage
in place of hot-mix sieves. The results of this study and the experience
of one district did, however, indicate that there may be occasions where
wet sieving during the design process may be very useful in precluding
a mix design that may generate excessive minus No. 200 material, thus
causing trouble with staying within grading 1imits and design tolerances.
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INTRODUCTION

The Texas State Department of Highways and Public Transportation's
(SDHPT) 1982 Standard Speckfications for Construction of Highways, Streets
and Bridges (1) specifies under Item 340.3 (3) "Types" that "When properly
proportioned, the mineral aggregate shall produce a graduation which will
conform to the Timitations for master grading given below for the type
specified unless otherwise shown on plans. The gradation will be determined
in accordance with Test Method Tex-200-F (Dry Sieve Analyses) (2) and shall
be based on aggregate only." Furthermore, under Item 340.3 (4) "Tolerances"
it is stated the "The aggregate portion of the paving mixture produced shall
not vary from the design gradation by more than the tolerances allowed herein.
The material passing the No. 200 sieve is further restricted to conform to
the Timitations for the master grading for the type specified ..........
The method of test for determining the aggregate gradation and asphalt content
of the mixture shall be Test Method Tex-210-F or other methods of proven accu-
racy." See References 1 and 2.

The important aspect of:the above.requirements is essentially that
sieve analysis will norma]]y be allowed to govern both the design and produc-
tion of Item 340 hot-mix materials produced and used by the SDHPT. The sieving
required in the second item above is also a dry sieving of the resulting aggre-
gates after the extraction test. Although not used normally in hot-mix pro-
duction or design, a wet method of sieving of aggregates is outlined in Test
Method Tex-210-F (2).

With the dry sieve analysis method thus nominally specified in the Texas
SDHPT specifications for both design and production monitoring of Item 340
hot-mix aggregate gradations, several questions arise such as:

1. Does the use of dry sieve analysis to evaluate cold-feed or hot-bin
aggregate gradations together with the dry sieve analysis performed
subsequent to the extraction test tell enough about the characteris-
tics of aggregate combinations in hot-mixes be1ng produced to avoid
problems associated with the Taying and service performance of hot-
mixes?

2. If wet sieve ana1ysis is needed to avoid hot-mix performance problems,
should it be used in conjunction with dry sieve analysis during both
design and construction production of hot-mixes? Should wet sieve
analysis be required to take the place of dry sieve analysis for design
or for just production of hot-mixes, or for both?

3. For sieve analysis of Item 340 aggregate gratations in general, would
the use of more sieves, such as sieving with the number and sizes of
sieves used in concrete testing, enable more needed information to be
obtained about aggregate gradat1ons versus that gained using the stan-
dardly utilized SDHPT hot-mix sieves? And, would more potential pro-
blems with hot-mixes be found by going to sieving in both design and
production with the Targer number of sieves such as are in the con-
crete series?






STUDY OBJECTIVES

With the purposes in mind of answering the above questions that
have arisen concerning the best method of sieve analysis to use, this
study has been conducted with several objectives. These are as follows:

1.

The information obtained by wet sieving hot-mix aggregates is
to be compared with that gained from dry sieving on the same
aggregates to determine whether there is enough additional
information gained to justify the additional wet sieving
effort. Results from wet sieving will thus be compared with
both dry sijeving and extraction sieving results.

Wet sieving data is to be compared with dry and extraction
sieving results for different aggregate and hot-mix plant types
to determine what effects these have on sieving results.

Wet sieving is to be compared with dry and extractions sieving
to determine whether wet sieving would serve as a better pre-
dictor of hot-mix performance problems.

Screening hot-mix aggregates with the American Society for
Testing and Materials (ASTM) standard-sized concrete sieves
commonly specified and used by SDHPT (1) is to be compared with
screening the same aggregates with SDHPT used sieve sizes to
determine whether concrete sieves give enough additional infor-
mation about the Item 340 aggregate gradings to justify the
SDHPT going to these sieves for hot-mix design and production
testing.






SAMPLING ACTIVITIES

During the summer and fall of 1982, eight hot-mix plants in six
SDHPT districts were sampled from five to eleven days to obtain aggre-
gates for dry and wet sieving and produced hot-mix samples for extrac-
tion sieving. Four plants were weigh-batch and four were drum-dryer
plants. The districts involved were 4, 9, 11, 15, 17, and 25. 1In all,
a total of 10 different hot-mixes were evaluated during production,
including three different mixtures produced during District 15's work
at the Affiliated Aggregates drum-dryer plant in San Antonio. The
number of samples of aggregates had hot-mix tested for the dry, wet and
extraction sieving ranged from 10 to 35 as shown in Tables 1 through 10B,
depending on the sampling efforts undertaken for a particular mixture
design and plant Tocation. In all, nine Type "D" Item 340 mixtures and
one Type "B" mixture were tested.

Samples were obtained by either Texas Transportation Institute (TTI)
or SDHPT personnel according to accepted customary practices of SDHPT plant
inspectors. Aggregates from weigh-batch plants were taken from the hot-bins
and recombined in the correct proportions to comprise a representative pro-
duction sample. For both types of plant, freshly hot-mix material was taken
from the beds of trucks to obtain extraction analysis samples.

As shown in Table 11, the hot-mixes evaluated were predominantly Type "D"
mixtures with Timestone aggregates comprising the major percentage of the
coarse aggregate phase and siliceous field sands rounding out the finer end
of the total aggregate grading. As exceptions, District 25's mixture was
composed 100 percent of weathered siliceous gravel obtained entirely from
crushing material on a hillside overlooking Dickens, Texas. District 11's
mixture was composed of 100 percent McCrorey Pit iron ore top soil. Finally,
District 17's mixture was comprised of three different materials in an effort
to achieve economy, skid resistance and stability on SH 21 west of Caldwell,
Texas in Burleson County.






TESTING PROCEDURES

In general, sieving of aggregates for this substudy conformed to
the SDHPT's Test Method Tex-200-F, "SIEVE ANALYSIS OF FINE AND COARSE
AGGREGATES," "PART I DRY SIEVE ANALYSIS" and "PART II WASHED SIEVE ANA-
LYSIS" (2). Both procedures are based on determining precentages by
weight of material passing-retained between various sieve sizes.

Exceptions to the procedure included the use of different reporting
forms for sieving results other than those used by the SDHPT. Also,
concrete sieves were introduced among the standard SDHPT hot-mix sized
sieves for much of the sampling in an effort to compare concrete and
hot-mix sieves. The use of concrete sieves is readily apparent in Tables
1 through 6, indicating that the bulk of this comparison work was done
with plants in District 15. This particular phase of the evaluation was
discontinued beginning with Young Brothers production of Type "D" for Dis-
trict 17 in Table 7. The major exception to the procedure in Test Method
Tex-200-F was that most individual samples were sequentially dry sieved and
then subjected to washed sieve analysis. These samples were therefore sieved
twice, once dry and then the same dry-screened samples were subjected to the
washed sieve analysis.

In most instances, the numbers of screen analyses of extractions of
produced hot-mix were equal to those of the wet or dry sieve analyses of
compined aggregate sample. The exception was that only seven extraction
analyses were performed for the hot-mix produced for U. S. 287 in Dumas,
Texas as shown in Table 8. Sampling of the produced hot-mixes was timed
to occur shortly after the belt or hot-bin aggregate samples were taken
to represent as closely as possible the actual hot-mix produced by the
aggregates sampled.






DATA RESULTS FROM THE USE OF DIFFERENT SIEVING METHODS

Basic Results

Basic sieving results are summarized in Tables 1 through 10B and
Table 11. These tables contain general data about the hot-mix, aggre-
gate sources, SDHPT district, county, SDHPT project number, SDHPT con-
trol and section mumber, type of hot-mix plant, number of samples taken
and number of days of sampling. Next, the average weight percent values
for the amounts of material passing and retained between each set of
adjacent sieves by method of sieving are presented in tabular form.
Also, statistics are presented for each average of the amounts passing-
retained, these being standard deviation (STD. DEV.), and coefficient
of variation (C.V.).

Table 1. This table which is representative of Tables 1 through 9
lists average sieving results for the Vulcan Materials weigh-batch plant
producing Type "D" hot-mix on SDHPT Projects MC25-9-51 etc. in Bexar
County. The period of sampling covered nine days, and 10 total samples
were taken. This sampling included 10 combined aggregate samples from
the hot-bins where each sample was first dry sieved and then wet or washed
sieved according to Test Method Tex-200-F. Ten separate samples of pro-
duced hot-mix were then extracted, and an aggregate grading was determined
on these by Test Method Tex-210-F.

As shown in Table 1, the percentages of different aggregate types
and sizes included coarse and medium sized limestone fractions. The fine
material totaled 36.1 percent of the total mix of which 70 percent was
siliceous sand and 30 percent was limestone screenings (LSS).

In the main part of Table 1, the actual results of the three sieving
methods are given for an average of 10 samples. As noted under the "PASS-
RETD SIEVE SIZES" column, the concrete sized sieves (i.e., No's 8, 16, 30,
50 and 100) are interspersed among the standard hot-mix sieves. Between
each two adjacent sieves, the average percents of material retained are
given. For example, for the No. 40 to No. 50 sieves, 5.1 and 4.9 percents
by weight are retained for the dry method and wet methods of sieving, res-
pectively. For the extraction sieve analysis, the percentage passing-re-
tained is 4.9.

Also to be noted is that the plus No. 10 percentages are 63.5 and 63.1
for the dry and wet methods of sieving, respectively. For the extraction
sieving result, the average of 10 samples is 64.2 percent. The average minus
No. 200 sieve results are 2.1 and 3.7 percents, respectively, for the dry and
wet sieving methods. The average percentage for the extraction sieving is 2.4.

Under the column titled "DESIGN" is given the SDHPT District 15's design
percentages for this particular mix for the hot-mix sieves. These design values
are placed in these tables to serve as comparisons with the results of the three
sieving methods.



Most of the three columns of percent values passing-retained should
add to 100.0 or close to this value. The percent values for the dry sieving
in Table 1 add to 100.2; those for the wet sieving, to 100.1; and those for
the extraction sieving results, to 100.1 also. Any difference from 100.0
is due purely to rounding off in the average of the 10 values for each
passing-retained interval. The statistical values of standard deviation,
“STD. DEV" and coefficient of variation, "C.V.," are derived from each of
the 10 sieving result values making up each of the pass-retained average
values. Thus, for the wet sieving, the ten individual values of percents
passing-retained from the three-eighths-inch to the No. 4 sieve had an
average of 35.4 percent, a sample standard deviation (STD. DEV. or S) of
1.8 percent and a coefficient of variation C.V. of 0.1 or 10 percent. The
C. V. is equal to the STD. DEV. divided by the average and was rounded
off to the nearest 0.1.

The STD. DEV. (S) and the C.V. are measures or indicators of the
variability of the data results about the mean. Thus, the higher the
STD. DEV. and the higher the C.V., the greater the range of data results
that cna be expected, going from one side of the mean to the other. If
the STD. DEV. 1is zero, the C.V. would be zero, and all data values would
be equal and also equal to the mean.

The interpretation of the STD. DEV. and C.V. for this study is to show
how variable the results of sieving are for material retained within each set
of adjacent sieves. An example of this can be gained by Tooking at the results
of dry, wet and extraction sieving on the No. 10 to No. 16 sieve-sized material
n Table 1. By all three sieving methods, 3.5 percent by weight of material
is retained between these two sieves. However, the STD. DEV. is 0.5 for wet
and dry sieving as compared with 1.1 for the extraction sieving. Therefore,
the C.V. for the extraction sieving is approximately 0.3 or 3 percent compared
with 0.1 or 10 percent for the first two sieving methods. Thus, although the
10 extraction results have the same average, the range of these values is much
greater and there is greater variability in these values compared with the
first two sieving methods.

Tables 10, 10A and 10B. Table 1 through 9 are all set up using the
same system, and Tables 10 through 10B are organized slightly different.
Table 10 contains all of the 30 gradation and extraction samples submitted
fron one hot-mix production job done by Downing Brothers, Inc., for SDHPT
District 9 in McClennan County. This project started up for a few days in
August, 1982, then shut down until September 7, 1982. Thus, the hot-mix
was produced in two distinct periods. Tables 10A and 10B therefore were
added to reveal the characteristics of each of these two distinct periods
within the project production and then compare these against those for the
total sampled production as listed in Table 10. :

Table 11. Table 11 presents a summary of the nature of the aggregate
compositions used in the hot-mixes evaluated in this sieving sub-study. As
seen in this table, the predominant coarse aggregate material used in the hot-
mixes studied was limestone, with siliceous sands figuring largely in the fine
materials used in the mixtures. Two hot-mixes, very different from the major-
ity, were those sampled from District 25 and District 11. These consisted



entirely of crushed gravel and pit run iron ore, respectively.

Enhanced Data Results

Tables 12 through 27 and Figures 1 through 24 represent tabular refine-
ments and graphical presentations of the data results from Tables 1 through 10B.
Figures 17 through 24 apply to the concrete sieves versus hot-mix sieves part
of the sieving substudy.

Tables 12 through 21. These 10 tables are derived from Tables 1 through
10. These show net changes in percentages of material retained between adja-
cent sieves going from one sieving method to another.

Table 12 is taken as an example. Taking the percentages of material
passing the No. 16 sieve and retained on the No. 30 sieve, Table 12 extracts
the differences from Table 1. Going from dry to set sieving, the average percent
retained between the two sieves went from 4.6 to 4.5; thus, there was a decline
of 0.1 percent or a change of -0.1 percent.

Going from dry to eXtraction sieving, the difference shown in Table 12
(from 4.6 to 5.0 percent in Table 1) is + 0.4 percent. The above precedure
holds for all the other sieve size intervals in Tables 12 through 21.

Figures 1 through 10. These figures are graphical presentations of the
enhanced data results given in Tables 12 through 21 for showing the differences
from going from dry to wet sieving only. These figures appear useful for
showing the sieve sizes or intervals where material seems to be washing off of
and the sizes where the washed off material is going to.

Figures 11 and 12. These two figures show the relationships of the results
for the averages of dry, wet and extraction sieving for the plus No. 10 and minus
No. 200 sieves in comparison with the hot-mix design gradation requirements for
these two sieves. As an example, in F1gure 11 the positions of the result aver-
ages for dry, wet and extraction screening for the plus No. 10 material for the
Affiliated Aggregates drum-dryer produced Type "D" "Surface" hot-mix are shown
on the percentage scale. Also shown is the position of the design grading re-
quirement for the plus No. 10 sieve material. These values are taken from
Table 3 and show that the average dry, wet and extraction results 1ie at percen-
tages of 62.0, 60.9 and 59.7 compared with 64.5 for the design requirement.

Figure 12 employs the same system for showing relative positions of
sieving result averages for the minus No. 200 sieve material. Taking the same
Affiliated Aggregates materials from Table 3 again, it is shown that the average
wet sieving results exceed the design requ1rement being 6.0 and 4.7 percent
respectively. The extraction and dry sieve analyses averages lie at Tower
percents than design, at 2.4 and 3.9 percent, respectively.



Tables 22 through 24. These tables show the overall net differences
between design requirements and the average percentages of total material
actually retained on the No. 10 sieve for the 285_substudy. Table 22 pro-
vides these figures based on all the hot-mix plants studied and by method
of sieving. Thus, in Table 22, for all the hot-mix plants and hot-mixes
studied, for the dry sieving,. an overall difference of plus 2.6 percent or
2.6 percent more material is shown retained on the No. 10 sieve as versus
the design requirement. For wet sieving, this figures drops to plus 1.0
percent, and for extraction sieving, the figure falls to plus 0.2 percent
material retained as versus the design requirement.

Table 23 provides these differences in sieving averages obtained versus
design requirements for the six drum-dryer plant produced hot-mixes only.
Finally, Table 24 gives these differences for the four weight-batch plant
produced hot-mixes. (Tables 23 and 24 combined give the same results as
shown in Table 22).

Figures 13 and 14. Figure 13 is a graphical representation of the data
given in TabTe 22. Figure 14 presents the data results contained in Tables 23
and 24 for the drum-dryer and weigh-batch produced hot-mixes, respectively.

Tables 25 through 27. These tables are similar in function to Tables 22
and 24. They show the overall net differences from design requirements for
the averages of material found passing the No. 200 sieve by method of sieving.
Table 25 covers all of the hot-mix plants and produced hot-mixes. Table 26 il-
Tustrates the results for the six drum-dryer plant produced hot-mixes, and
Table 27 shows the data results for the four weigh-batch plant produced hot-
mixes.

In Table 25, the overall net difference between the average amount of
material found passing the No. 200 sieve for the wet sieving method and the
design requirement is 2.5 percent. Thus, the wet sieving method found 2.5
percent more material on the average passing the No. 200 sieve. In Table 26,
this difference for wet sieving averaged 3.0 percent for the drum-dryer plants.
In Table 27 the difference for wet sieving for the weigh-batch plants averaged
1.7 percent.

Figures 15 and 16. These figures are graphical presentations of the data
results in Tables 25 through 27. Figure 15 gives the results for Table 25, and
Figure 16 combines and illustrates the results for Tables 25 and 27.

Figures 17 through 24. These figures extract and illustrate data from
Tables 1, 4 and 5 concerning the use of concrete sieves versus hot-mix sieves
for Item 340 hot-mix asphaltic concrete design and construction monitoring.
Data results are illustrated for the hot-mix production evaluated from the
Vulcan Materials, McDonough Brothers and Affiliated Aggregates plants located
north of San Antonio in SDHPT District 15.




As shown in these figures, the results of using the SDHPT hot-mix
screens are shown with the solid lines. The concrete screens sieving
results are shown in the dashed lines. From Figures 17, 18 and Table 1,
the results of using the concrete screens versus the hot-mix screens are
shown for the wet and extractjon sieving methods. From Figures 19 through
24, and Tables 4 and 5, concrete versus hot-mix screens results are shown
for all three sieving methods - dry, wet and extraction.






DISCUSSION OF RESULTS

Wet Versus Dry Sieving

Figures 1 through 10. These figures illustrate the average net
changes in gradatijon characteristics of the materials sieved in Tables 1
through 10B, going from dry to wet sieving. In general, in moving from
dry to wet sieving on the same materials most of the loss in material
retained between adjacent sieves occurs from the aggregate top size down
to the No. 80 to the No. 100 sieve sizes. Below these sizes, there is
generally a gain, especially in the minus No. 200 sieve material. Also,
there is usually some loss between each sieve size bracket; however, some
scattered gains occur in some brackets, but these are usually very small,
of the order of from zero to 1.0 percent. ATl but Figure 5 illustrate
this tendency.

Figure 5 shows several sieve intervals with somewhat larger gains in
material scattered from the No. 4 down to the minus No. 200 sieve material.
To help achieve these gains approximately two percent of material is lost
from the three-eighths-inch sieve to the No. 4 sieve and from the No. 16 to
the No. 30 sieve.

Other figures showing considerable losses from one to three percent in
three to four sieve size brackets or intervals are Figures 6 through 9. These
losses are more significant in Figures 7 through 9 because the sieve size in-
tervals or brackets are larger since only hot-mix sieves are used.

Since the losses in the upper sieving brackets naturally add to the material
passing the No. 200 sieve, it should be noted how much the material passing the
No. 200 sieve is increasing going from dry to wet sieving. For all of the
hot-mixes studied as based on Tables 1 through 10, the average increase is 3.7
percent and the range is from 1.5 to 6.1. For the hot-mixes produced by drum-
dryer plants, the average increase in 4.5 percent, and the range is from 3.6
to 6.1. For the weigh-batch plants, the average is 2.5 percent and the range
is 1.5 to 5.1.

Thus, concerning material passing the No. 200 sieve as seen above, the
drum-dryer plants give rise to the larger differences between the results for
dry sieving and the results for wet sieving. A question then arises as to how
far from the design required values are the averages for the three sieving
methods. As seen in Table 22, for all plants and hot-mixes studied, the average
differences between the dry, wet and extraction methods and design are -1.2,
2.5 and 0.3 percent, respectively, and are thus seen to be fairly close to design.
The ranges of average difference values is from -0.1 to -2.3 percent for dry
sieving; 0.5 to 5.2 percent for the wet sieving and -1.6 to 2.2 for the extrac-
tion sieving.
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Two requirements are placed upon the SDHPT hot-mix paving mixtures in
the 1982 SDHPT specifications in Section 340.3 (4). These are (1) that
"The aggregate portion of the paving mixture produced shall not vary from
the design gradation by more than the tolerances alldwed herein," and (2)
that "The material passing the No. 200 sieve is further restricted to con-
form to the limitations for the master grading for the type specified ....
The method of test for determining the aggregate gradation and asphalt
content of the mixture shall be Test Method Tex-210-F or other methods of
proven accuracy." See Reference 1. Therefore, for a Type "D" ("Fine
Graded Surface Coarse") hot-mix the master gradation requires from one to
eight percent of aggregate material for a tested mixture to pass the No.
200 sieve. Also, the tested paving mixture should not differ from the des-
ignated or design grading by more than plus or minus five percentage points
for the aggregate passing-retained intervals above the No. 10 sieve and
plus or minus three percentage points for those below the No. 10 sieve.

To see whether using wet sieving for design and production testing
of aggregate gradations would preclude problems of staying within specifi-
cation limits as stated above, Figures 1 through 10 and Tables 12 through
21 can be consulted. If dry sieving is used for design and also during
production, and this sieving shows the aggregate mixture to be close to
the design target for each aggregate range, then Tables 12 through 21 show
no bad problems on the average of staying within tolerances based on the
results of dry and wet sieving of hot-bin and cold feed belt aggregate
sampies. However, Tables 18, 19 and 20 do show three mixtures that approach
or exceed the three percentage points tolerance for one sieve size interval.

For the data taken in this study the problem occurs more with the
minus No. 200 sieve material. Here, Tables 13, 14 and 18 show mixtures
that approach or equal the five percentage points tolerance and Tables
19 and 20 show mixtures exceeding the tolerance on average. Also, be-
cause the tolerances are exceeded, the chances are greater for exceeding
the master gradations, depending on the position of the design value. As
another check on whether wet screens could be usefully employed, Tables 12
through 21 again may be consulted. In this case the average difference
between dry and extraction sieving should be noted. As opposed to the
differences between dry and wet screening, the problem with exceeding design
tolerances apparently Ties not so much with the minus No. 200 sieve as it
does with the plus No. 10 sieve size intervals. Thus, by making the same
assumption about the dry screen results being close to or on the design
value, tolerances are apparently exceeded in Tables 13, 15, 18 and 19 are
are close to being exceeded in Tables 16 and 17.

Since the extraction sieving Test Method Tex-210-F is both specified
and commonly used to check aggregate gradations in produced mixtures, it
appears from this study's results that designing by dry screens could give
problems of keeping gradations within specification 1imits and tolerances.
Figures 11 and 12 below, based upon Tables 1 through 10, will show some of
these problems being encountered.

11



Figures 11 through 16. Figure 11 illustrating the percentage positions
of the averages of the total plus No. 10 sieve materal retained by method of
sieving, as versus the design percentage position, shows the five percentage
points tolerance being exceeded on the average for the five hot-mixes evaluated
in Tables 1, 2, 6, 7 and 9, for one or more methods of sieving. Dry sieving
exceeded the tolerance on three occasions; wet, on four and extraction on four.
Two of these hot-mix plants are weigh-batch, and three are drum-dryer. Three
aggregate materials consisted largely of limestone materials, one was entirely
crushed gravel and one was entirely iron ore top soil.

As shown in Figure 11, dry sieving exceeds the tolerance on the high side
on three occasions and on the Tow side once. Wet sieving exceeds the tolerance
on the No. 10 sieve on the high side twice and on the Tow side once. Extraction
sieving exceeds the tolerance on the high side and on the low side for two times
each. Therefore, there seems to be no apparent trend as to why the tolerances
are exceeded based on plant type, aggregate type and mode of sieving.

Concerning which method of sieving approaches most closely the specified
design value, Figures 13 and 14 should be referred to. Figure 13 shows that for
all 10 hot-mixes produced by the eight different hot-mix plants the extraction
method of sieving on the average comes within 0.2 of one percent of (above) the
specified design value. The wet sieving method showed average results that come
within 1.0 percent of (above) the design value. The dry sieving method rises
2.6 percent on the average above the specified design value.

Figure 14 shows the different or separate effects of the weigh-batch and drum-
dryer plants on the average results of material retained on the plus No. 10 sieve
as versus design. For all sieving methods, the weigh-batch plants show from
about 3.5 to 4.5 percent more material retained on the No. 10 sieve than the
design. The dry sieving method is the most severe in this case. The drum-dryer
plants grade downward from showing more plus No. 10 material for dry sieving
to showing over two percent less material for extraction sieving. For wet
sieving, average results for the drum-dryers come to about one-half percent
less material than design.

Figure 12 illustrates the percentage positions of the average amounts of
material passing the No. 200 sieve by method of sieving and compared with the
design requirements. This is done for each of the hot-mix and hot-mix plant
combinations studied. As shown in Figure 12, the tolerance from design of
three percent is exceeded on the average for only three hot-mixes from Table 6,

8 and 9. In each of these instances, only the wet method of sieving shows to

be out of tolerance and is out on the high side as would be expected. For

every occasion, as shown in Figure 12, the wet sieving method produces the
highest average percentage passing the No. 200 sieve. In all instances except
for Table 9, the dry method of sieving shows the least amount of material on

the average passing the No. 200 sieve which also seem reasonable. The extraction
sieving results tend to fall closer to the design, with six of ten tables showing
this feature.

12



Figure 15 and 16 illustrate more graphically which method of sieving most
closely approaches the design requirements. As shown in Figure 15, for all hot-
mixes and hot-mix plants studied, the extraction method of sieving comes the
closest to meeting the design requirement on the average, being slightly above.
The next closest is dry sieving which shows about one percent less than design
on average. Wet sieving on the average shows about two and one-half percent
more material passing the No. 200 sieve than the design requirement.

Figure 16 shows the effects of the two different plant types on the mater-
ial passing the No. 200 sieve. As shown in Figure 16, for extraction sieving,
both plant types produced averages near design, the drum-dryer plants showing
somewhat more material passing and the weigh-batch plants somewhat less. For
wet sieving, the drum-dryer plants show a lTittle more than three percent greater
than design and thus approach or exceed the tolerance for the minus No. 200 sieve
material. For dry sieving, the drum-dryer plants show about one and one-half
percent Tess material passing the No. 200 sieve in relation to design.

In all of the discussion above concerning Figures 11 through 16, one main
assumption made is that the hot-mixes that were produced and evaluated in this
substudy were targeted at the design gradations shown during production. No
information concerning any difficulties encountered in keeping the produced mix-
tures on track with the design gradings was made available during the gathering
of data. Another assumption made is that the samples taken were representative
of the mixtures produced.

Variability of Sieving Data

In order to get a rough estimate of the variability in the sieving results
from one sieving method to another and from one hot-mix plant to another, the
C.V., coefficient of variation, columns in Tables 1 throug 10 should be referred
to. To make the comparison, the average was taken of all these C.V. values listed
in each column, for each table and each method of sieving.

As a result, the average C.V. values for dry, wet and extraction sieving for
all of the tables are 0.24. 0.22 and 0.21, respectively, showing about equal over-
all variability in the data results, with the extraction data indicating to be
the least variable. Considering weigh-batch plants alone, the overall average
C.V. values are 0.22, 0.19 and 0.21 for the three methods of sieving, respectively;
and for drum-dryer plants are 0.26, 0.25 and 0.20, respectively. Thus, in rough
comparison with the weigh-batch plants, the drum-dryer plants show from 18 to 32
percent more overall variability on the average for dry and wet sieving results,
respectively, and about the same overall variability for the extraction results.

Individual hot-mixes and hot-mix plants that show the highest variability
as indicated by C.V. values included thse in Tables 2 and 5 which represent drum--
dryer plants. Those that show the least variability include the plants in Tables
1, 7 and 8, representing one weigh-batch and two drum-dryer plants respectively.
Thus, drum-dryer plants show the greater range in variability, with weigh-batch
plants tending to fall in the middle of the drum-dryer range.
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One District's Experience. In the summer of 1982, SDHPT District 17
placed a skid resistant Item 340 Type "D" hot-mix surface course on SH 36
from the south City Limit of Caldwell north ot the Burleson-MiTam county
Tine. This hot-mix consisted of the following aggregate combination which
is similar to that of Table 7: 32.5 percent Texas crushed stone 1limestone
coarse aggregate, 32.5 percent Delta Materials Grade 5 crushed sandstone,
15.0 percent Texas Crushed Stone limestone screenings and 20 percent of a
siliceous field sand. The percent by weight of asphalt used ranged from 5.5
to 5.7, and Dow-Corning M 200 antistrip agent was employed.

The above described hot-mix had a minus No. 200 sieve design requirement
of 5.6 percent, but during production of the mix in a drum-dryer plant the
minus No. 200 material was consistently found by extraction to range from
7 to 8.3 percent by weight of mixture. Thus, under the 1972 SDHPT standard
specifications (3), this produced mixture both exceeded the tolerance for the
design and the requirements for the master grading. Had a check by wet screen-
ing of the aggregate materials been conducted during the design phase for
this hot-mix, the subsequent problems encountered with staying within the
specifications may have been avoided by adjustment downward of the minus No. 200
material during the design phase.

Although greater than design amounts of minus No. 200 sieve material appar-
ently went out on SH 36 according to extraction results, no serious problems
apparently were encountered on the roadway. The increase in fines did lead
to increasing the asphalt content from 5.5 to 5.7 percent during production.

Concrete Sieves Versus Hot-Mix Sieves

Figures 17 through 24 illustrate the comparison of using concrete sieves
versus the hot-mix sieves normally used by the Texas SDHPT for design and
production monitoring of hot-mixes. As seen in these figures the concrete sieve
result curves are coincident from the one-half-inch to the No. 4 sieve, diverge
from the hot-mix curves at the No. 4 sieve and converge again at the No. 200 sieve.

Each of the figures typically shows the concrete sieve curve staying very
close to the hot-mix curve. (The two curves on each figure represent sieving
of the same material sample using two stacks of nested sieves). Of the small
differences that exist, the greatest on each figure is seen to Tie between the
No. 10 and 40 sieves, with the concrete sieve curves running from two to four
percentage points above the hot-mix sieve curve values.

The significance of the concrete screeen curves beign higher in the No. 10
to No. 40 range is that more fine material is being detected from the No. 30
sieve to passing to No. 200 sieve. Also, the concrete sieves are detecting a
somewhat higher hump at the N1. 30 sieve and are thus indicating slightly more
potential for problems with stability because of the nature or shape of the
aggregate grading curve.

If concrete screens were adopted in place of the hot-mix sieves, several

disadvantages would probably accrue. One would be that two more screens would
be required than normally used for hot-mix sieves, and two more pass-retained
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intervals would have to be reckoned with during design and production
testing. Another disadvantage would be that separate sets of sieves would
probably still have to be maintained for concrete work and hot-mix work
because of rapid sieve wear, the need to continually check sieve wear to
ensure sieving accuracy, and the need to maintain separate concrete and
hot-mix operations out of a residency or district office. A third disad-
vantage could possibly be a temporary "loss of feel" by personnel accustomed
to using hot-mix screens during many years of experience.
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CONCLUSIONS

Wet Sijeving Versus Dry Sieving

1. For the hot-mixes evaluated in this study, going from dry to
wet sieving on the same aggregate samples produced significant
differences (increases) only for the amounts of material pass-
ing the No. 200 sieve, for both weigh-batch and drum-dryer plants.

2. For this study's mixes, going from dry to extraction sieving
(using different samples for each method) produced the greatest
differences in the sieve sizes above the No. 10 or No. 8 sieves.
The increases for the minus No. 200 material were not as great
as for going from dry to wet sieving.

3. For the total material retained on the No. 10 sieve, average wet
sieving results most closely approached the designated hot-mix
design values, with the results being closer but underpredicting
for drum-dryer plants.

4. For the total material passing the No. 200 sieve, average results,
for all the hot-mixes and hot-mix plants, of extraction sieving
closely approached the design requirements. Both the wiegh-batch
and drum-dryer plant extraction sieving results approached closely
design requirements on the average.

5. Based on coefficient of variation (C.V.) values, drum-dryer plants
had the greater range of sieving results variability. However,
sieving results for two drym-dryer plants were among the three
Teast variable results, and the three other weigh-batch plants
had results more variable than those two drum-dryer plants.

6. The experience of one SDHPT district with hot-mix producing excessive
minus No. 200 material in 1982 points to the possible need in some
instances for wet sieving during the design stage to indicate and
correct those mix design that may yield excessive fines during
production.

7. Although not discussed previously in this report, the time and
effort required to run a wet sieve are estimated to be from two
to three times that for the dry sieve analysis as prescribed 1in
Test Method Tex-200-F (2).

Concrete Sieves Versus Hot-Mix Sieves

1. Little, if any, additional information appears to be gained about
hot-mix aggregate gradations, above that normally found using reg-
ular SDHPT hot-mix sieves by going to the use of the ASTM series
of standard sieves for concrete for the design and production of
hot-mix. This conclusion is based on the grading curves contained
in Figures 17 through 24.
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2. The concrete sieves appear to have a tendency to show hot-mix
aggregate gradings with more material between the No. 30 and
No. 200 sieves and to show more of a hump at the No. 30 sieve.
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RECOMMENDATIONS

The requirement of the general use of wet sieving during both
design and production of hot-mixes is not warranted.

There may be instances when the use of wet sieving during the
the design stage may be advantageous if a proposed hot-mix
design is suspected to be a potential generator of excessive
fines during production. If wet sieving reveals this during
design, then the mix can be adjusted during the design stage.

The SDHPT general practice of dry sieving for design and dry
sieving plus extraction sieving for monitoring hot-mix pro-

duction should be continued in all but those instances where
wet sieving might serve to determine an excessive generator

of fines.

The replacement of SDHPT hot-mix sieves with ASTM concrete

sieves for the design and production of hot-mix is not
warranted.
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Tables 12 and 13. Net percent changes in material retained between
' sieves based on (a) dry to wet sieving and (b)
dry to extraction sieving as taken from Tables
1 and 6, respectively.

Tablé 12. Vulcan Materials Type "D" Table 13. Gilvin-Terrell Contractors
Type "D"
Screen | Dry Dry Screen Dry Dry
Size to to Size to to
Interval Wet Extraction Interval Wet Extraction
5/8 - 1/2 0.0 | 0.0 . 5/8 - 1/2 0.0 0.0
1/2 - 3/8 -0.3 2.0 1/2-3/8 | 0.3  -1.9
3/8 - 4 +0. 1 -0.4 3/8 - 4 -0.7 -4.5
4 - 8 0.0 +2.7 4 - 8 -1.3 -1.0
8 - 10 -0.2 +0.4 8 - 10 +0.4 +0.2
10 - 16 0.0 0.0 10 - 16 -1, +0.5
16 - 30 -0.1 +0.4 16 - 30 -1.3 +0.8
30 - 40 -0.1 -0.3 30 - 40 +0.1 +0.1
40 - 50 -0.2 -0.2 40 - 50 -0.3 +0.2
50 - 80 +0.1 -0.3 50 - 80 -0.1 +0.4
80 - 100 - -0.7 -0.6 80 - 100 +0.1 +0.4
100 - 200 -0.3 -0.1 160 - 200 b.o +1.5
-200 416 +0.3 -200 +4.5 +3.3
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Tables 14

and 15. Net percent changes in material retained betweeri
sieves based on (a) dry to wet sieving and (b)
dry to extraction sieving as taken from Tables
5and 2, respectively.

Table 14. Affiliated Aggregates Type Table 15. Affiliated Aggreaates Type
"D" "Tight" "B
Screen Dry Dry Screen Dry Dry
Size to to Size to to
Interval Wet Extraction Interval Wet Extraction
5/8-1/2 | -0.2 |  -0.2 5/8 - 1/2 | -0.1 -4.2
1/2 - 3/8 | -0.3 -0.4- 2 -8 | 0.8 -3.0
3/8 - 4 -1.9 -2.0 3/8 - 4 -0.6 +0.7
4 - 8 -0.9 +2.6 4 - 8' -0.3 +3.3
8 - 10 +0.2 -0.8 8 - 10 0.0 -0.1
10 - 16 -0.8 +0.3 10 - 16 0.2 | +0.7
16 - 30 -1.7 -1.0 16 - 30 0.0 +0.3
30 - 40 +0.3 -0.9 | 30 - 40 -0.4 -0.5
40 - 50 -0.9 0.0 40 - 50 -1.1 -0.2
50 - 80 +0.9 +O;;ﬁﬂ—f 50 - 80 -0.4 +1.3
80 - 100 0.0 +0.5 80 - 100 ~0.2 +0.2
100 - 200 +0.5 0.4 100 - 200 0.0 0.3
~200 +5.0 w8 || 200 | +38 +1.4
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Tables 16 and 17. Net percent changes in material retained between
sieves based on (a) dry to wet sieving and (b)
dry to extraction sieving as taken from Tables
3 and 4, respectively.

Table 16. Affiliated Aggregates Type Table 17. MBDonough Brothers Type
IIDH nni

Screen Dry Dry Screen Dry Dry
Size to to Size to to

Interval

Wet

Extraction

Interval

Wet

Extraction

5/8 - 1/2.

5/8 - 1/2

-0.1

1/2 - 3/8

1/2 - 3/8

+0.

3/8 - 4 . . 3/8 - 4 . -3.

41,

+0.

+0.




Tables 18-21.

Net percent changes in material retained between sieves
based on (a) dry to wet sieving and (b) dry to extraction
sieving as taken from Tables 7, 8, 9 and 10, respectively.

Table 18. Youna Brothers Type "D"
Screen Dry Dry
Size to to
Interval Wet Extraction
5/8 - 1/2 0 0
1/2 - 3/8 -0.4 -0.8
3/8 -4  -0.8 -4.3
4 - 10 -0.3 +0.4
10 - 40 -0.9 +0.2
40 - 80 -2.6% +2.0
80 - 200 +0.8 -0.3
~200 +4.1% 428
Table 20. ﬁgxlord Construction Type
Screen Dry Dry
Size to to
Interval Wet Extraction
5/8 - 1/2 0 0
1/2 - 3/8 -0.5 -1.3
3/8 - 4 -1.1 +1.4
4 - 10 -1.1 +0.9
10 - 40 -3.1% -1.6
40 - 80 -0.2 -0.5
80 - 200 +0.9 +1.5
-200 +5. 1% -0.4
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Tahle 19. 1Ivan Dement Type "D"

Screen Dry Dry
Size to to
Interval Wet Extraction
5/8 - 1/2 0 0
1/2 - 3/8 -0.3 +0.1
3/8 - 4 -1.3 -5.4
4 - 10 -1.2 +1.5
10 - 40 -2.2% +0.4
40 - 80 -1.6 -0.9
80 - 200 0.5  +1.4
-200 +6.1% +3.0
Table 21. Downing Brothers Type "D"
Screen Dry Dry
Size to to
Interval Wet Extraction
5/8 - 1/2 0 0
1/2 - 3/8 -0.1 +0.3
3/8 - 4 -0.5 -2.3
4 - 10 -0.1 -0.1
10 - 40 0.0 +0.6
40 - 80 -0.6 +1.3
80 - 200 -0. -0.6
-200 +1.7 +0.9




Table 22. Average nét difference in percent retained on No. 10
sieve (2.00 mm) versus design by method of sieving

for both types of hot-mix plants.

. Average Change by Sieving Method

Plant Type

(Table Number) ory Wet Extraction
WB (1) 5.6 5.2 6.3
DD (2) -3.8 -5.3 7.1
DD (3) 2.5 -3.6 -4.8
WB (4) 1.2 0.6 -0.3
oD (5) 5.3 2.2 4.5
DD (6) 1.3 -0.6. -5.9
DD (7) 6.4 4.9 1.7
DD (8) 2.1 0.7 1.7
w8 (9) 8.3 5.6 9.3
WB (10) 2.3 1.6 0.2
Average 2.6 1.0 0.2
s.D. 3.9 3.7 5.4
Range -3.8 to 8.3 | -5.3 to 5.6 -7.1 to 9.3
WB =

DD

Weigh-batch

Drum-dryer
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Table 23.

Average net difference in percent retained on the No. 10

sieve (2.00 mm) versus design by method of sieving for

six drum-dryer plant produced hot-mixes.

Average Change by Sieving Method

Table Number Dry  Wet Extraction
5 5.3 2.2 4.5
2 -3.8 -5.3 -7.1
3 -2.5 -3.6 -4.8
6 1.3 0.6 -5.9
7 6,4 4,9 1.7
8 2.1 -0.7 -1.7
Average 1.5 -0.6 -2.2
5.D. 4.1 3.7 4.6
-3.8 to 6.4 -5.3 to 4.9 -7.1 to 4.5

Range
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Table 24. Average net difference in percent retained on the No. 10
sieve (2.00 mm) versus design by method of sieving for
four weigh-batch plant produced hot-mixes.

Average Change by Sieving Method

Table Number Wet Extraction

0.6 -0.3
5.2 6.3
5.6 9.3
1.6 0.2

Average . 3.3 3.9
S.D. ; 2.5 4.7

Range 0.6 to 5.6 -0.3 to 9.3




|

| : Table 25. Average net difference in percent retained on No. 200
sieve (75 um) versus design by method of sieving
and by hot-mix plant studied.

Average Change by Sfeving Method

Plant Type

(Table Number) Dry Wet Extraction
WB (1) 1.1 0.5 -0.8
DD (2) -1.5 2.3 ;0;1
DD (3) -2.3 1.3 -0.8
WB (4) -0.1 1.4 0.9
DD (5) -1.8 3.2 -1.0
DD (6) ~1.1 3.4 2.2
DD (7) -1.5 2.6 1.3
DD (8) -0.9 5.2 2.1
WB (9) -1.2 3.9 -1.6
WB (10) 0.6 1.1 0.3
Average -1.2 2.5 0.3
S.D. 0.6 1.5 1.3
Range | -2.3 to -0.1 0.5 to 5.2 -1.6 to 2.2
WB = Weigh-batch

DD

Drum-dryer

.41




Table 26. Average net difference in percent passing No. 200 sieve
(75 um) versus design by method of sieving for six
drum-dryer plant hot-mixes produced.

Average Change by Sieving Method

Table Number Dry ' Extraction

-1.8 . -1.0
-1.5 . 0.1
-2.3 . -0.8
-1.1 . 2.2
1.5 . 1.3
-0.9 . 2.1

Average -1.5
S.D. 0.5

Range -2.3 to -0.9




Table 27. Average net difference in percent paséing No. 200 sieve
(75 m) versus design by method of sieving for four
weigh-batch plant produced hot-mixes.

Average Change by Sieving Method
Table Number Dry S Wet Extraction
4 -0.1 1.4 0.9
1 | -1.1 0.5 -0.8
9 -1.2 : 3.9 -1.6
10 -0.6 1.1 : 0.3
Avérage -0.8 1.7 -0.3
S.D. 0.5 1.5 1.1
Range | -0.1 to 1.2 0.5 to 3.9 -1.6 to 0.9
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DRUM AND BATCH PLANT
AVERAGES FOR 10 PLANTS

]
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(RETAINED #10)

NET PERCENT CHANGE BY WEIGHT
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Figure 13. Average net differences from design in percents

' by weight of aggregates retained on the No 10
(3.00 mm) sieve by sieving method for all plant
produced hot-mixes studied. »
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